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Response to the Letter to the Editor by Roemer and collaborators entitled
‘‘MRI based semi-quantitative assessment of subchondral bone marrow
lesions in osteoarthritis research’’ concerning the article published by
d’Anjou et al. entitled ‘‘Temporal assessment of bone marrow lesions on
magnetic resonance imaging in a canine model of knee osteoarthritis:
impact of sequence selection.’’We have read with interest the comments made by Roemer
and collaborators about our recent short report ‘‘Temporal
assessment of bone marrow lesions on magnetic
resonance imaging in a canine model of knee osteoarthritis:
impact of sequence selection,’’ recently accepted for publi-
cation in Osteoarthritis and Cartilage1. We ﬁrst would like to
reassure the authors of the letter and the readers that, as
mentioned in the article, the principal investigator of this
work is a board-certiﬁed veterinary radiologist with exper-
tise and experience in animal musculoskeletal radiology
and magnetic resonance imaging (MRI), and therefore the
data in this study are presented from a radiological
perspective.
Roemer and collaborators claim inappropriate choice of
sequences in regard to MRI assessment of bone marrow
lesions (BMLs) in both experimental and clinical osteoar-
thritis (OA). Mainly, they state that gradient-recalled echo
(GRE) sequences should be avoided as this type of imag-
ing invariably results in BML underestimation and will not
add any imaging beneﬁt. Moreover, they state that only
fast spin echo (FSE) sequences with intermediate- (or
proton density) or T2-weighting, or short-tau inversion
recovery (STIR) sequences should be used to assess
non-cystic BMLs. To support their statement, Roemer
and collaborators refer to publications providing only
descriptive assessment (see letter, references 3e10),
with qualitative information about the BML signal on
GRE vs T2-weighted FSE sequences. We prefer to rely
on evidence-based medicine data acquired through
adequately designed studies.
We certainly agree with the fact that, with GRE imaging,
spatial arrangement and orientation of trabecular bone
structures inﬂuence bone marrow signal intensity. Indeed,
inhomogeneities in the magnetic ﬁeld at the transitions be-
tween bone marrow and trabeculae lead to signal dephas-
ing and increasing signal loss at increasing echo time2.
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416bone marrow have been recognized with GRE imaging,
their impact and signiﬁcance on the morphological assess-
ment of BMLs remain uncertain. Studies comparing con-
ventional and fat-suppressed (FS) GRE and FSE
sequences using similar T-weighting have not been pub-
lished, at least to the best of our knowledge.
Zanetti et al. documented the fact that ‘‘bone marrow
alterations’’ often identiﬁed as ‘‘bone marrow edema’’ are
more complex than previously anticipated and present
different signal patterns on T2- and T1-weighted FSE
sequences3. In a recent study using the canine OA model4,
zones with extensive hematopoesis had more intense sig-
nals on STIR than zones where histological changes were
characterized by a predominance of myxomatous transfor-
mations and marrow ﬁbrosis. Similarly, differences in signal
behavior were recognized in our dogs, presumably due to
the difference in water content in those lesions over time
(see Figure 2 of our report)1. As we reported and graphed
in Figure 3 of our article, BML scores were similar in
T1-GRE at 4 and 8 weeks following anterior cruciate
ligament transection, and signiﬁcantly higher than scores
obtained in T2-FS sequences at 26 weeks. These ﬁndings,
which are novel and innovative in this experimental model,
contradict the statement made by Roemer and collabora-
tors that GRE sequences are not as sensitive to detect
BMLs.
Several studies on the assessment of BMLs in OA pa-
tients using fat-suppressed T2 (T2-FS) FSE sequences
have been published, which can be compared to the re-
sults we reported using 3D fast imaging with steady state
precession (FISP) or SPGR sequences. Felson et al. re-
ported BMLs to be present in 34% of patients in the medial
compartment and in 18% in the lateral compartment5.
Sowers et al. identiﬁed BMLs in 56% of the knees6, Lo
et al. detected them in 24% of the knees with 18% in the
medial compartment and 6% in the lateral compartment7,
and Hunter et al. found BMLs in 57% of the knees8. In
the latter study, the information on the distribution of le-
sions between the medial and lateral compartments was
not reported and it was not speciﬁed whether BMLs
were scored on T2-FS and/or PD sequences. The data
from our studies9,10 showed that BMLs were detected in
63% of the knees, with 55% in the medial compartment
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ﬁndings, we can conclude that the data obtained from
SPGR or FISP sequences pertaining to the detection of
BML in OA knees is equivalent, or even superior to
T2-FS (or PD) FSE sequences. Over and above all of
these ﬁndings, our data have been equally effective as
the mentioned studies in establishing correlation between
BML, disease signs and symptoms, and evolution of
structural (cartilage) lesions in knee OA patients.
As we all agree with Roemer and collaborators’ state-
ment that sequence selection is of ‘‘paramount impor-
tance’’, we recently conducted a preliminary head to
head study comparing SPGR (or FISP) and T2-FS FSE
(or turbo spin echo, TSE) weighted sequences for the as-
sessment of BMLs in knee OA patients (N¼ 30 patients).
In brief, ﬁndings were similar with the two sequences:
a total of 37 lesions (67%) were identiﬁed with the
SPGR (or FISP) sequence and 38 lesions (67%) with
the conventional T2-FS FSE (or TSE) sequence. The
distribution of lesions between the medial and lateral com-
partments (63% and 27%, respectively) and the size of le-
sions (1.2 0.5 [SD]) on the WORMS score (0e3) was
also identical for both sequences. Moreover, the correla-
tion of this WORMS BML score between these two MRI
sequences for the entire knee was excellent (r¼ 0.866,
P< 0.0001 Spearman correlation) and almost perfect
while assessing the medial compartment of the knee
(r¼ 0.970, P< 0.0001 Spearman correlation). These
results clearly showed that in knee OA patients both se-
quences were equally effective in detecting the presence
of BML as well as the size of the lesions. A full study report
will be submitted shortly for publication. These ﬁndings, as
the ones presented in our short report on canine experi-
mental OA, contradict the assumption made by Roemer
and collaborators to the effect that GRE-type sequences
are inadequate for the semi-quantitative assessment of
BMLs in knee OA patients.
The intent of our short report recently published in this
journal was not to make any speciﬁc recommendation in
regard to the best MRI protocol that should be used to
semi-quantify BMLs in experimental or clinical OA. Rather,
our intent was to highlight the fact that, at least in the dog
OA model, using only standard FS PD- or T2-weighted
FSE sequences, alone or interchangeably, may not reveal
all components of BMLs, which we believe represent
a dynamic phenomenon. If, as stated by Roemer and col-
laborators, the exact nature of the BMLs found with any
GRE-type sequence is uncertain, this is also true for those
detected with T2-weighted eand with PD (or IW) FSE
sequences. In the meantime, the differences that we
observed between T1-GRE and T2-FS FSE sequences
pertaining to the evolution and the size of BMLs over
time in dog OA deserve further investigation in order to
answer the question of the real nature of the histopatho-
logical changes behind these images. Hopefully, MRI
can provide a tool that will permit the precise nature of
these lesions to be identiﬁed non-invasively, allowing
signiﬁcant progress to be made in this most important ﬁeld
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